SYNOPSIS A stereotaxic method of tissue sampling has been developed permitting detailed studies of the distribution of choline acetyltransferase (CAT) in brains from controls and from patients suffering from Huntington's chorea. The characteristic pattern of CAT distribution within extrapyramidal structures is described. In Huntington's chorea, CAT is unevenly reduced in several brain regions particularly in the rostromedial part of the caudate nucleus. The results indicate a preferential'degeneration of neostriatal cholinergic neurones in Huntington's chorea.
The primary biochemical defect in Huntington's chorea is unknown. There is indirect evidence to suggest that cholinergic hypofunction in neostriatal mechanisms might play a pathophysiological role in hyperkinesia. Anticholinergic agents aggravate chorea, while reduced hyperkinesia has been reported after physostigmine (Aquilonius and Sjostrom, 1971 ; Klawans and Rubowits, 1972) . The low concentrations of cerebrospinal fluid choline (Ch) often found in patients with Huntington's chorea (Aquilonius et al., 1972) also emphasize the need for extended studies on central cholinergic mechanisms in this disease.
Choline acetyltransferase (CAT), the enzyme catalysing the formation of acetylcholine (ACh), is regarded as a specific marker of cholinergic representation in brain tissue (review by Fonnum, 1973) . The bulk of enzyme is localized in the nerve terminals of the cholinergic neurone. Accordingly, a loss of CAT activity reflects degeneration of cholinergic terminals.
In the present investigation, a stereotaxic method was used which enabled a detailed mapping of (-250C) until analysed. All sections were photographed before and after punching (Fig. 1) .
CAT DETERMINATION The procedure used differs in some details from an earlier published modification (Glover and Green, 1972 ) of the radiochemical method described by Fonnum (1969 (3) was added to each tube, which was shaken for 3 x 1.0 min on the mixer and then centrifuged for 1.0 min to separate the layers; 50 tul of the organic upper layer was withdrawn and added to 10 ml scintillation cocktail (7 ml toluene; 3 ml methanol, and 55 mg Permablend-III, Packard). A Nuclear Chicago Scintillation counter (Isocap 300) was used. (Hebb and Silver, 1956; Wise et al., 1974) and in a frozen (-25°C) homogenate for 90 days (Johnson and Domino, 1971) . To control the CAT stability under necropsy conditions in the present study, samples from the rostral part of caudate nuclei were removed at routine necropsies performed at different post mortem time intervals. No significant changes were found in the time interval two to 62 hours post mortem (Fig. 2) The lateral pallidum was found to have about double the CAT values of the medial. The former could be further subdivided into three parts (P1 2-3) with higher activities in the ventral and the dorsal portion of the nucleus.
Very low activity is localized to the pars reticulata of the substantia nigra (Ni * r), while in the pars compacta (Ni c) significantly higher values were found.
Apart from a medial and a lateral region in the thalamus, no further subareas could be statistically determined in the present investigation.
In the other regions presented in Table 1 (-10, -20 mm) where normal activities were found in V 32 (Figs 4 and 5) .
In most other regions, CAT activities were normal or slightly reduced. In both cases elevated activities were found in the gyrus cinguli and in V 32 in some parts of the thalamus, the claustrum, and the pallidum.
DISCUSSION
It has beien concluded from animal experiments (review by Fonnum, 1973) that CAT is a reliable marker of cholinergic representation, while the distribution of acetylcholinesterase (AChE) 'can indicate the sites at which cholinergic mechanisms may operate and reinforce evidence for the existence of cholinergic mechanisms derived from other approaches' (cited from Silver, 1967) . In addition, when the present results are compared with earlier investigations on the histochemistry of AChE in human brains, some discrepancies are obvious. In sections histochemically stained for AChE (review by Ishii and Friede, 1967) , the pallidum seems to have nearly as high a cholinergic density as the caudate nucleus and the putamen. In human biochemical studies also, the differences in AChE activity between the pallidum and the neostriatum are rather small (Rinne et al., 1973) . However, in the present investigation it was FIG. 3 Normal distribution ofcholine acetyltransferase (CA T) in different regions ofhuman brain (5 mm rostral and 5, 10, and 20 mm behind the anterior commisure). Abbreviations: A.1-nucleus ansa lenticularis, Amamygdala, Cd-caudate nucleus, C.c-corpus callosum, Cl-claustrum, Cm.a-anterior commissure, Cp.iinternal capsule, Cx.in-insula, Fx-fornix, G.c-gyrus cinguli, G.ol-gyrus olfactorius, Hipp-hippocampus, Ni.c-substantia nigra pars compacta, Ni.r-substantia nigra pars reticulata, P1-lateral pallidum, Pm-medialpallidum, Pt-putamen, Rt-substantia reticularis thalami, Ru-nucleus ruber, Sth-subthalamic nucleus, Th.l-thalamus lateral part, Th.m-thalamus medial part, w-white substance. White areas= not analysed. demonstrated that the cholinergic representation within the neostriatum is at least 10 times higher than in the pallidum. The substantia nigra has also a relatively higher activity of AChE ) than of CAT. The differences can be explained by different distribution of CAT and AChE within cholinergic neurones and association of AChE with noncholinergic elements in the CNS (Emson and Fonnum, 1973; Hemminki et al., 1973) .
With the present stereotaxic method of tissue sampling, it has been possible to perform the presently most detailed mapping of CAT distribution within the human extrapyramidal system. A higher level of resolution will probably have to await an immunohistochemical method based on advances in the purification of CAT (Rossier et al., 1973 (Fig. 3) . Little is as yet known about eventual physiological correlates to these subnuclear regions. However, it is interesting to note that choreiform hyperkinesia in cats is induced after local application of dopamine only in the rostromedial part of the caudate nucleus (Cools, 1972) .
Disappearance of small neostriatal (Golgi II type) neurones is a classical feature in choreic brains (review by Bruyn, 1968; Dom et al., 1973) . According to Bruyn, these (Curzon et al., 1972) .
In conclusion, several anatomical structures in the human brain can be subdivided according to differences in cholinergic representation. More- over, the present investigation supports a theory of a primary degeneration of cholinergic neostriatal interneurones in Huntington's chorea. Similar studies in cortical degenerations, the morphological correspondents of dementia, are lacking. 
